A diastereoselective synthesis of the pyrrolizidine alkaloid, (+)-1-epiaustraline has been achieved via a diastereoselective syn-dihydroxylation of a pyrrolo[1,2-c]oxazol-3-one precursor that was readily prepared by a RCM reaction. Attempts to extend this methodology to the synthesis of australine were not successful since the final pyrrolidine ring closure to produce the desired pyrrolizidine of the target molecule was not productive. 
Alexine (1) was the first alkaloid to be isolated with the 3-hydroxymethyl -2,3,5,6,7,7a- hexahydro-1H-pyrrolizine-1,2,7-triol structure in 1988. 1 In the same year its 7a-epimer, australine (2) , was isolated from the seeds of Castanospermum australe. 2 Later reports described the isolation of other epimers of 2 from these seeds, including 1-epiaustraline
3.
3, 4 These alkaloids have been shown to have glycosidase inhibitory activities 2,3c,4 and other biological studies have revealed the potential of these and related polyhydroxylated pyrrolizidines as antiviral and anti-retroviral agents. 5 These interesting biological properties coupled with the polyfunctional and stereochemically rich nature of these compounds have attracted the attention of synthetic chemists resulting in the total synthesis of alexine, 6 and its epimers, 6, 7 australine, 8 and its epimers, [7] [8] [9] [10] [11] and casuarine. We demonstrated the viability of this synthestic methodology with the asymmetric synthesis of (-)-7-epiaustaline and (+) -1,7-diepiaustraline. 11 We report here, as an extension of this work, the synthesis of (+)-1-epi-australine and our attempts to prepare australine. These target molecules required that the starting vinyl epoxide 4 had the cis- [(3R, 4S) ] stereochemistry rather than the trans- [(3R, 4R)] stereochemistry used by us previously and it was of interest to examine the effect of this stereochemical difference on the diastereoselectivities of the reactions leading to our target molecules.
The starting vinyl epoxide (-)-(3R, 4S)-4 was prepared from the corresponding Sharpless epoxy alcohol (82 % ee from 1 H NMR analysis of its Mosher ester, see experimental section) via Swern oxidation followed by a Wittig-olefination reaction.
11,13
A solution of the vinyl epoxide (-)-4 and the (S)-allylamine 5 14 (1.4 equiv, ca 99% ee) in acetonitrile was heated at 120 o C in a sealed tube using LiOTf (1.5 equiv) as a catalyst for 3 d. This gave a mixture of two diastereomeric products. Separation by PTLC gave the desired amino alcohol (+)-6 in 62% yield and its diastereomer (structure not shown but referred to as compound 6' in the experimental section) in 17% yield that arises from the reaction of ent-4 with 5. The amino-alcohol (+)-6 was converted to the diastereomerically pure 2-oxazolidinone derivative (+)-7 in 94% yield using triphosgene under basic conditions.
11,15
The minor diastereomeric amino-alcohol was converted to its corresponding 2-oxazolidinone derivative in 69% yield. In their 1 H NMR specta, J 4,5 for both 2-oxazolidinones was 7.5 Hz, while the NOESY spectra of these compounds showed strong cross peaks between H-4 and the exo-cyclic methylenes at C-5 (see Scheme 1 for details).
This was consistent with both 2-oxazolidinones having the C-4, C-5 transstereochemistry which would arise from an S N 2 ring opening of 4 or ent-4 with 5. The RCM of 7 using standard conditions, 5-10 mol % of Grubbs I catalyst (benzylidenebis(tricyclohexylphosphine)ruthenium dichloride) in refluxing CH 2 Cl 2 at high dilution (~4 mM) for 20 h, gave low conversion to the desired 2,5-dihydropyrrole (-)-8.
However, by initiating the reaction using 22 mol% Grubbs I catalyst and then adding a further 9 mol% catalyst after 25 h, (-)-8 could be isolated in 97% yield after a total of 42 h of heating at reflux. 16, 17 Compound (-)-8 was treated with 5 mol % K 2 OsO 4 .2H 2 O and NMO (2.1 equiv), 11, 13 to effect syn-dihydroxylation (DH) of the double bond, giving diol (-)-9 in good yield (85%). A small amount (< 5%) of the C-6, C-7 di-epimeric diol was also formed but was readily separated by column chromatography. The stereochemistry of diol 9 was that expected from our previous studies with osmylation occurring from the concave face of the 2-oxazolidinone 8.
11,17
This stereochemistry was evident from NOESY studies on its acetate 10 that showed significant cross peaks between H-6 and the exo-cyclic methylene at C-5 and between H-6 and H-7a. The absolute stereochemistry assigned to 9 was unequivocally confirmed by its conversion to (-)-1-epiaustraline (3).
Attempts to deprotect the primary PMB ether in 9 under oxidative conditions with DDQ 18 gave a poor yield of the desired primary alcohol due to the formation of several other products that could not be structurally identified. The diacetate derivative 10 however was smoothly converted to the primary alcohol 11 in 63% yield. Compound 11 was then converted to the pyrrolizidine-tetraacetate 15 in three synthetic steps. Base hydrolysis of 11 followed by ion-exchange chromatography gave 12 which was cyclized to the desired pyrrolizidine ring system under Mitsunobu conditions 12, 19 in pyridine at 0 o C. The crude reaction mixture was then treated under hydrogenolysis conditions 12, 13, 20 and then peracetylation gave the pyrrolizidine-tetraacetate 15 in 23% over yield from 11. Scheme 2 outlines our attempted synthesis of australine (2) . This synthesis required inversion of the stereochemistry at C-7 in the pyrrolo [1,2-c] oxazol-3-one 9. Thus 9 was converted to its cyclic-sulfate 16 using thionyl chloride followed by oxidation of the resulting cyclic sulfite with catalytic ruthenium tetraoxide (88% yield for the two-step conversion).
11,21
Nucleophilic ring opening of the S,S-dioxo-dioxathiole ring of 16 with cesium benzoate, 11, 21, 22 followed by an acidic work up gave a 73 : 27 mixture of regioisomeric benzoates in 88% yield. The regioisomers were readily separated by column chromatography as their acetate derivatives. In this way the acetate 18 of the major regioisomer could be obtained in 66% yield while the acetate of the minor regioisomer was isolated in 25% yield.
The structure of the major regioisomer 18 was established by NOESY experiments which showed significant cross peaks between H-6 the exo-cyclic methylene at C-5 and between H-6 and H-7a (See Scheme 2 for proton numbering). The modest regioselectivity found in the ring opening of 16 is in stark contrast to that of 1-epi-16 which gave less than 5% of the other regioisomer resulting from attack of benzoate anion at C-6.
11
While, nucleophilic attack on 16 would be expected to occur preferentially at C-7, since backside attack at C-6 would be more sterically demanding due to the -C-5 benzyloxymethyl substituent, the configuration at C-1 also clearly influences the regiochemistry of ring-opening. Thus the -orientation of the C-1 substituent in 16 must be responsible for the reduced regioselectivity found in the ring opening of 16. 11, 16 this is the first time it has not been successful. In all cases the compounds were applied as their HCl salts dissolved in distilled water.
The column was first eluted with water (100 mL) and then eluted with 14% ammonia solution (w/w). In all cases, HRMS (exact masses) were obtained on lieu of elemental analysis, and 1 H and 13 C NMR spectroscopy were used as criteria for purity.
Synthesis of (-)-6-(4-Methoxyphenyl)methoxy-3R,4S-epoxy-1-hexene (4)
Step 1 222.1253.
Step 2 
Mosher Ester Analysis: (-)-5-(4-Methoxyphenyl)methoxy-2S,3S-epoxy-1-pentyl-(R)-
α-methoxy-α(trifluoromethly)phenyl acetate. 5-(4-Methoxy)benzyloxy-2R,3S-epoxy-1-pentanol (25 mg, 0.103 mmol) was dissolved in dry DCM (0.9 mL), then triethylamine (90 L), 4-dimethylaminopyridine (13 
Steps 4 and 5: 5-(4-Methoxyphenyl)methoxy-2S,3S-epoxypentanal and (-)-6-(4-

Methoxyphenyl)methoxy-3R,4S-epoxy-1-hexene (4).
To a stirred solution oxalyl chloride (0.5 mL, 5.72 mmol) in dry DCM (7 mL) was added slowly dimethyl sulfoxide 
(+)-4R-Ethenyl-5R-[2-(4-methoxyphenyl)methoxy]ethyl-3-(1S-phenylmethoxymethyl-2-propenyl)-1,3-oxazolidin-2-one (7')
The same procedure described above for the preparation of 7 was used starting with 6' (49 mg, 0.118 mmol) in dry DCM (5 mL 
(-)-(1S,5S,7aS)-1-[2-(4-Methoxyphenyl)methoxy]ethyl-5-(phenylmethoxy)methyl-
5,7a-dihydro-1H,3H-pyrrolo[1,2-c]oxazol-3-one (8).
Four
Step Synthesis of ( hydrochloric acid (15 mL) and DCM (15 mL) were added. The aqueous layer was washed with DCM (15 mL) and then concentrated in vacuo to give a yellow solid, which was purified by acidic ion-exchange chromatography to give 13. This material was dissolved in methanol (2 mL) and palladium chloride (21 mg, 0.118 mmol) was added.
The mixture was stirred under one atmosphere of hydrogen (H 2 balloon) at RT for 1.5 h.
The mixture was then filtered through a plug of cotton wool and the solvent was removed under reduced pressure to give 14 as a pale yellow oil. This oil was then dissolved in anhydrous pyridine (1mL) and Ac Hz, CH a CH b OAc), 3.87 (dd, 1H, J 7.5, 3.9 Hz, 3.32 (ddd, 1H, J 9.6, 5.7, 4.2 Hz, 3.18 (dt, 1H, J 11.1, 7.8 Hz, 2.95 (ddd, 1H, J 11.1, 7.2, 5.4 Hz, H-5b), 2.14- 8, 170.4, 169.6, 169.4 (4x CO), , 73.7 (CH-2), 71.7 (CH-1), 66.7 (CH-3), 65.0 (CH 2 OAc), 64.7 (CH-7a), 52.3 (CH 2 -5), 30.9 (CH 2 -6), 21.0, 20.8, 20.7, 20.4 (4x CH 3 was added Amberlyst A-26 resin (50 mg). The reaction mixture was stirred for 2 h at RT.
The TLC analysis indicated the complete conversion. The mixture was then filtered through a sintered glass frit and rinsed with methanol. 17 (ddd, 1H, J 10.5, 7.0, 4.0 Hz, 3.02 (ddd, 1H, J 9.0, 6.5, 4.0 Hz, 2.93 (ddd, 1H, J 10.5, 9.5, 6.5 Hz, 2.04 (ddt, 1H, J 13.5, 6.5, 4.0 Hz, 1.96 (dddd, 1H, J 13.5, 9.5, 7.0, 5. Hz, H-7), 5.06 (ddd, 1H, J 7.8, 4.8, 3.9 Hz, H-1), 4.59 (s, 2H, Ar*CH 2 ), 4.36 (s, 2H, ArCH 2 ), 4.15 (dd, 1H, J 6.6, 3.9 Hz, 3.93 (dd, 1H, J 6.3, 4.2 Hz, 
